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LEST  OT  FIGDRE5 


raCE  NO. 


Figure  1:  Guinea  pig  skin  exposure  sites  (dorsal  view) .  9 

Figure  2:  Gross  skin  lesions  in  haired  (A)  vs.  hairless  (B)  10 

guinea  pigs  24  hours  <'ifter  eigxosure  to  0. 5-4.0  fjl  of  sulfur 
Bustard  (HD) . 

Figure  3:  Mean  skin  lesion  size  in  haired  vs.  hzdrless  guinea  11 

pigs  24  hours  eifter  exposure  to  sulfur  Biistard  (HD) . 

Figure  4:  Mean  skin  lesion  size  in  hsdzed  vs.  hairless  guinea  11 

pigs  48  hours  eifter  exposure  to  sulfur  mistard  (HD) . 

Figure  5:  Median  erythena/eschar  scores  in  hadred  vs.  12 

hairless  giinea  pigs  24  hours  <ifter  exposure  to  sulfur 
Bustard  (HD) . 

Figure  6:  Median  ezythesei/oschzu:  scores  in  haired  vs.  12 


Bustard  (HD) .  ' 

Figure  7:  Median  edana/blister  scares  in  haired  vs.  hairless  13 

guinea  pigs  24  hours  after  eagxieure  to  sulfur  Bustaud  (HD) . 

Figure  8:  Median  edena/blister  scores  in  hzdxed  vs.  hairless  13 

guinea  pigs  48  hours  2d;ter  exposure  to  sulfur  Bustard  (HD) . 

Figure  9:  Microblister  in  h2Lirless  guinea  pig  skin  at  24  hours  14 
eifter  esgnsure  to  0.2  ^1  of  sulfur  Bustard  (HD) .  Microblister 
cavity  (bc)  ,  epidemis  (e) ,  dermis  (d) ,  hair  follicles  (hf ) , 
and  polyacrphcruclear  cells  (pim) .  H&E. 

Figure  10:  Semithin  epcoey  sections  through  centers  of  15 


Biicroblisters  at  the  derBal-epidenmd  junction  of  hairless 
guinea  pig  skin.  A.  Microblister  cavity  (bc)  interrupted 
by  a  hair  follicle  (hf) .  (330X)  B.  Microblister  cavity 
infiltrated  with  polyniCTi±onuclezu:  leukxxytes  (pm)  and  filled  ‘ 
with  oellul^u:  debris.  The  roof  of  the  cavity  is  fonred  by 
bascil  cells  (be)  and  suprabased  cells  (sbe)  of  the  epidermis 
with  the  floor  formed  by  the  hof al  laniina  (bl)  of  the 
dcCTiis  (d) .  (330X)  Husphrey's  stain. 

Figurs  11:  Transmission  electron  Biicrographs  of  Biicroblister  16 

cavity  formation  at  the  dermal-epidemal  jxmetien  of  the 
hairless  guinea  pig.  A.  At  the  perimeter  of  the  blister 
cavity,  basad  cells  (be)  of  the  stratum  germinativum  show 
progressive  subcellular  changes  signalled  by  nuclear 
condensation  of  chronatin  (iic) ,  blebbing  of  the  perinuclear 
awelope  (pb)  ,  and  paranuclear  vacuolattion  (v) .  (12,OOOX) 

B.  Area  at  the  p)etimeter  showing  disabling  of  anchoring 


vli 
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filainaits  (eif)  of  the  basal  cell  hemidesacGcmes  (bd) .  (30,000X) 

C.  Ihe  cavity,  infiltrated  with  neutrophils  (ne)  and  c^lulcir 
detritus,  is  danaxxated  by  the  based,  lamina  (bl)  of  the 
dermis  (d)  and  degenerating  betsal  cells  and  supra  based,  cells 
of  the  epidermis  (epi) .  (9,p00X) 

Figure  12:  Scanning  electron  micaxigraphs  of  the  dermal-epidermed.  20 
junction  of  hairless  guinea  pig  skin.  A.  Area  of  non^slistered 
skin:  epidermis  (epi) ;  dermis  (d) ;  keratin  (k) ;  and  collagen 
fibers  (c) .  B.  Area  of  microblister  formation.  Microblister 
cavity  is  bordered  by  cells  of  the  epidermis  at  the  roof  aind 
the  based,  lamina  (bl)  at  the  floor. 

Figure  13:  Hi^ier  magnificaticn  scanning  electron  micrographs  21 

throu^  centers  o^  raicrcblisters.  A  &  B.  The  boundaries  and 

the  three-dimensicyal  nature  of  the  blister  cavities  are 

cd.early  visible.  Cavities  vaury  in  size,  up  to  250  /an  in  Width 

and  to  80  /im  in  hei^it.  legend:  ep_dexmis  (qpi) ; 

cjennis  (d) ;  basal  lamina  (bl) ;  and  keratin  (k) . 
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Itedale  1:  Ebqieriinental  design.  22 

TfeA>le  2:  Doses  of  sulfur  sustard  (HD)  2^1ied  to  haired  and  23 

hedxless  guinea  pig  skin. 

l^hle  3:  Mean  gross  lesion  diameter’,  median  erythana/eschar  24 

score,  and  median  edena/blister  score  at  24  euid  48  hours 
post-exposure  in  haired  guinea  pigs. 

Thble  4:  Mean  gross  lesion  diameter,  medictn  erythena/eschaur 
score,  and  median  edena/blister  score  at  24  and  48  hours 
post-ejqxosure  in  hairless  guinea  pigs. 
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Research  efforts  at  the  USAMRICD  to  elucidate  the  mechanism  of  action, 
develop  pretreatments  ard/ar  develops  therapies  for  sulfur  mustard  (HD)  skin 
toodcity  have  been  hanpered  by  the  lack  of  a  suitable  experimentzd  emimal 
model.  A  literature  review  esnd  discussion  with  institute  investigators 
reveeded  that  there  is  not  a  definitive  animal  model  that  develops  elevated 
blisters/vesicles  liJce  those  seen  in  hunan  skin  foUcMing  exposure  to  sulfur 
mustard  (HD) .  Re-epithelialized  thermally  burned  guinea  pig  skin,  bird  skin, 
dog  manmary  gland  skin,  frog  skin,  and  rabbit  ear  skin  have  been  r^xjrted  to 
form  vesicles  or  vesicle-like  structures  following  afplicaticxis  of  HD. '  Haire 
guinea  pigs  have  been  used  to  study  vesic2UTt  injury  but  blister  formation  has 
not  been  reported.^'^  It  has  been  recently  demonstrated  that  HD  and  lewisite 
form  micrcblisters  in  swine.®  Investigators  working  during  World  War  II 
speculated  that  animal  skin  does  not  blister  like  hum^  skin  because  of  (1)  th 
increased  number  of  hair  follicles  and/or  hzdrs  in  animal  skin,  (2)  the 
decreased  number  of  sweat  glands  in  animaLI  skin,  and/ar  (3)  the  decreased 
relative  thickness  of  animal  skin.^  It  is  currently  thcught  that  fluid-filled 
blisters  will  not  form  unless  (1)  there  is  increased  fluid 
awcumulatiorv’pressure  resulting  from  the  release  of  oenotically  active  tissue 
breaJcdown  products  following  tissue  injury;.  (2)  the  comeum  and  dermal  layers 
aoe  capable  of  retaining  this  fluid;  and  (3)  there  is  a  lack  of  intradermal 
structures  (i.e. ,  hair  roots  2UTd/or  follicles)  which  would  otherwise  prevent 
the  axocuraulated  fluid  frcm  separating  the  dermis  fran  the  ^idermis.®  Euthymi 
hairless  guinea  pigs  [Crl:IAF(HA)BR],®  a  mutant  strain  that  has  cnly  recently 
becone  oonnercially  available,  are  beeically  devoid  of  hair,  have  a  thickened 
epidermis  when  corpared  with  normal  haired  guinea  pigs,  ard  have  been  shewn  tc 
be  eqpa2Ll,  if  not  stperior,  to  normal  haired  guinea  pi<p  for  contact  sensitivit 
testing  in  that  they  manifest  more  uniform  and  superficial  skin  lesions.^ 

Ihis  study  was  conducted  to  evsQuate  the  euthymic  hzdrless  guinea  pig 
[Crl:IAF(HA)BR]  as  an  animal  model  for  HD  skin  toodcity  oenpared  to  the  normal 
haired  guinea  pig  [Crl:  (HA)£R].^ 


Nineteen  male  guinea  pigs  (8  hadred  &  11  hairless)  were  divided  into  thre 
experimental  groups  (see  'teble  1) . 

Groups  I  &  H:  Identical  doses  of  neat  HD  were  applied  to  the  skin  of 
haired  and  hairless  guinea  pigs  in  groups  I  &  n.  Ihe  exposed  skin  was 
examined  at  24  and  48  hours  post-exposure  respectively  for  the  presence  of 


a  Charles  River  laboratories,  Wilmington,  MA  01887,  U.S.A. 
^  Charles  River  laboratories,  Wilmingtcn,  MA  01837,  U.S.A. 
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gross,  microscxipic,  and  ultxastxuctural  pathology.  The  une»posed  skin  from 
each  animal  served  as  the  negative  control. 

Grocp  HI:  Identical  low  doses  of  neat  HD  were  applied  to  the  skin  of 
hairless  guinea  pigs.  The  exposed  skin  was  examined  at  24  hours  post-exposure 
for  the  presence  of  gross,  microscxpic,  and  ultrastriictural  pathology. 


TECHNICAL  MglHODSt 

Animal  Husbandry:  Animals  were  medntained  at  75-80*  F.  and  50%  relative 
humidity.  They  are  on  a  12^Kxir  diunal  li^t  cycde.  Food  and  water  were 
provided  ad  libitum.  Animals  were  housed  in  individual  polycarbonate  shoe  box 
cages  with  wood  shavings  prior  to  exposure  to  HD.  Animals  were  housed  in  wire 
shoe  bcK  cages  lined  with  an  absorbent  plcistic-backed  paper  pad  in  a  chemical 
fume  hoc3d  during  the  post-exposure  holding  period. 

Anesthesia/Aneilgesia:  Guinea  pigs  were  anesthetized  with  Ketamine  HCXF 
(30  mg/kg)  and  Xyleizine^  (6  mg/kg)  during  the  exposure  and  decontamination 
phases  of  the  experiment.  The  ketamine  and  xylaxine  were  injected  s^sarately 
into  the  left  and  right  lateral  thi(^  muscles  vsing  tuberculin  syringes  and  26 
gauge  needles. 

Methods  of  Restraint:  Guinea  pigs  were  aeunmlly  restiained  while  they 
were  being  clipped  and  anesthetized.  Anesthetized  animals  were  secured  with 
adhesive  tape  to  a  restraining  board  in  sternal  recumbency  for  the  exposure  and 
decontamination  phases  of  the  experiment. 

Surgical  Procedures:  None. 

Animal  Preparation:  On  the  day  before  the  guinea  pigs  were  scheduled  to 
be  dosed  with  HD,  all  animals  were  aissigned  aui  identificaticn  number  and 
weighed  to  the  neaurest  gram.  Ihe  backs  of  the  haired  guinea  pigs  were  clipped 
with  a  #40  clipper  blade®  and  wiped  down  with  isopropyl  alcohol.  Ihe  backs  of 
the  hairless  guinea  pigs  were  also  wiped  with  isopropyl  aloohol.  On  the  day  of 
HD  exposure  the  animals  were  anesthetized,  exposure  site  reference  points  were 
marked  on  the  skin  with  a  black  Sharpie'^  permanent  marker,  and  the  animals  were 


®  Vetalar'^,  100  mg/ml.  Parke-Detvis,  Division  of  Wamei>-Ianbert  Ccnpemy, 
Morris  Plains,  NJ  07950,  U.S.A. 

Ponpun'^,  20  mg^lnl.  Mcbay  Corporation,  Animal  Health  Division,  Shawnee, 
RS  66201,  U.S.A. 

®  Oster"^  Golden  A-5  Clipper.  Oster  Professional  Products  D^artment, 
Milwaukee,  WI  53217,  U.S.A. 
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CTvered  with  a  ferwistrated  (5  ca  x  12  cm)  plastic  barrier  drape^  taped  in  place 
so  that  only  exposure  sites  on  the  anisal  beicks  remained  exposed.  Hie  8 
exposure  sites  per  animal  were  arranged  in  two  parallel  rcMs  that  were  1  cm  to 
the  left  and  ric^t  of  the  dorsal  nidline  and  had  2  om  ^>acing  between  sites 
(sea  Fig.  1) . 

HD  Dosing:  All  HD  dosing,  post-exposure  handling,  and  decontamination  of 
animals  and  materieds  were  performed  lAW  USAMRICD  SOP  No.  88-180-DA-13 . 
"Cutaneous  Applications  of  Sulfur  Mustard  (HD)  on  Guinea  Pigs. "  Neat 
(liquid)  HD  was  afplied  to  the  skin  with  either  a  1.0  |il9  or  a  100  m1^  syringe. 
Groins  I  &  U  anirals  had  4  doses  of  HD  (0.5,  1.0,  2.0,  &  4.0  /il)  allied  to 
the  4  exposure  sites  on  the  left  side  of  the  dorsad  midline  (1 
site/dose/anlmal)  and  no  agent  applied  to  the  four  (4)  contralateral  negative 
control  sites  to  the  ri^t  of  the  dorsal  midline.  Grojp  III  animals  had  4 
doses  of  agent  (0.05,  0.1,  0.2,  &  0.4  /d)  cipplied  to  the  all  8  esqxssure  sites 
(2  sites/dose/animal) .  Ihe  doses  of  HD  were  systematically  rotated  amcng  the 
skin  exposure  sites  to  ocntrol  for  differences  in  skin  thickness  for  edl  gnx:^ 
(see  Table  2) .  The  HD  was  allowed  to  remain  in  contact  with  the  skin  for  30 
minutes  for  adl  gm^.  Following  the  30  minute  HD  skin  exposure  the  aninals 
were  plztced  in  holding  cages  in  the  hood,  edlowed  to  recover  from  anesthesia, 
and  held  for  24  or  48  hours.  Sanple  HD  dosing  worksheets  sure  attached  as 
Appendix  A. 


Euthanasia:  Animals  were  euthanatized  at  the  end  of  the  24  or  48  hour 
post-exposure  holding  period  with  a  halot.iane^-  overdose.^® 

Scoring  of  Gross  Lesions:  All  sites  were  scored  for  lesion  diameter, 
erythana  and/or  eschar  (E/E)  formation,  and  edema  ancJ/or  blister  (E/B) 
formation  at  either  24  hours  (Groins  I  &  HI)  or  48  hours  (Qxup  II)  using  a 
modified  method  for  testing  primary  irxiteUTt  substances.  The  lesion  diameter 
was  measured  to  the  nearest  millimeter  (nm)  frcm  the  outermost  edge  of  visible 
erythema.  The  lesion  size  for  irreguleurly  shaped  lesions  was  the  average  of 
that  lesion's  longest  emd  shortest  dimension.  The  degree  of  E/E  and  E/B 
formation  was  scxjxed  on  a  scale  of  0-4.  Sasple  gross  lesion  worksheets  rre 
attached  as  Appendix  B. 

Light  Microsoopy:  Following  euthanasia  and  scoring  of  gross  lesions  tiie 
skin  on  the  backs  of  the  animals  was  excised  using  a  #15  scalpel  blade,  taking 
care  to  include  and  not  to  traumatize  edl  8  skin  sites/animal.  The  skin 


^  3M  Steri-Drape'^,  Style  No.  102C.  3M  Ocnpany,  Medical  Products  Division, 
St.  Paul,  M?  55119,  U.S.A. 

9  Hamdlton?'  Model  7001N  Microliter  Syringe.  Hamilton  CXxrpeiny,  Reno,  NV 
89502,  U.S.A. 

^  Hamilton'^  Model  7l(»l  Micxoliter  Syri»»ge.  Hamilton  Cccpany,  Reno,  NV 
89502,  U.S.A. 

^  Halothane,  U.S.P.  Halocartxxi  laboratories,  Inc.,  Hackensack,  NJ  07601, 

U.S.A. 
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specimens  were  innersed  in  a  4%  fontaldrehyde:l%  glutaraldehycki  (40^:16) 
fixative^  for  2-3  hours.  The  lesions  were  then  cut  in  half  aid  the  lateral  1/2 
of  each  skin  site  was  placed  in  10%  neutral  buffered  formalin  (NBf  )  for  at 
lezist  24  hours  prior  bo  trinmng  and  processing  the  tissue  for  examination  by 
light  microscopy.  The  remaining  medial  1/2  of  each  skin  site  was  k^it  in 
4CF:  IG  for  electron  microscopy  (EM) .  All  NBF  fixed  tissue  fpecimens  were 
embedded  in  glycol  methacrylate  (epon  plastic)  or  paraffin,  cut  into  4 
micrcneter  (tae.)  thick  sections,  and  stained  with  hematoxylin  and  eosin  (H&£) 
using  standard  histology  techniques.  The  extent  of  cozigulative  necrosis  euid 
the  presence  or  absence  of  pathologic  charges  were  scored  for  each  ^lecimen 
using  the  sanplc  histopathologv  woriesheet  attaKhed  as  Appendix  C.  The  scoring 
of  the  lesions  and  the  selection  of  tissue  specimens  for  EM  were  done  without 
knowledge  of  the  dose  of  HD  that  had  been  applied  (i.e. ,  a  "blind"  control) . 

Electron  Microscopy:  Four  sJcLn  ^»cimens'  fran  skin  exposure  sites  shewing 
the  best  vesicle/cleft  formation  on  licdit  microecepy  were  submitted  for 
scanning  and  transmissior  EM.  Areas  examined  included  centers  of  blisters  eind 
junctions  of  blistered  and  adjacent  nonblistered  skin.  The  4CF:1G  fixed 
tissues  selected  for  transmission  EM  were  txansferred  to  a  fresh  solution  of 
4CF:1G  and  held  at  4*  C.  for  at  least  48  hours.  The  tissues  were  then  washed 
in  buffer,  post-fixed  in  1%  buffered  osmium  tetroxide,  d^i^ndrated  in  graded 
ethanols,  embedded  in  epoxy  resin,  cut  into  1  /mi  semithin  sections,  stained 
with  Humphrey's  stain^  and  examined  by  light  microsoopy  to  select  cippropriate 
aireas  for  thin  section  analysis.  Areais  identified  were  cut  into  1,000  A  thin 
sections  and  oounterstained  with  lead  citrate  and  uranyl  acetatB.  Tissues 
selected  for  sczinning  EM  were  washed  in  buffer,  ddiydrated  in  graded  ethanols, 
critical  point  dried,  and  sputter-coated  with  gold-palladium. 

Data  Analysis:  The  average  lesion  size,  erythema/eschar  score,  and 
edemaC/blister  score  for  each  HD  dose  and  observation  time  in  the  hairless 
guinea  pig  were  compared  to  the  correspcndLig  hedred  counterpeurt.  lesion  size 
data  was  anedyzed  using  the  Student's  t-test  (Hq:  “  ^*2'  ®  ”  0.05; 

df  -  n]^  +  n2  -  2) .  2  Erythema/eschar  and  cdena/blister  data  was  analyzed  using 
the  Marm-Whitney  Test  (Hg:  ■  M2;  at  “  0.05).^ 


RESUiaS 


All  animals  tolerated  the  anesthetic  regimen  and  restraint  without 
ocmplications.  The  hairless  guinea  pigs  appeared  to  be  ituch  more  sensitive  to 
the  HD  than  were  the  haired  guinea  pigs  as  evidenced  by  '•he  markedly  visible 
erythema  which  developed  within  7-30  minutes  following  the  application  of  133. 
The  application  of  neat  HD  to  the  skin  also  appeared  to  cause  some  degree  of 
pniritus  because  numerous  Groip  I  &  n  animals  scxatidied  at  the  exposure  sites 
within  3-5  hours  following  the  appliczttion  of  HD  to  the  point  of  causing  self- 
inflicted  breaics  in  the  s}^  which  complicated  the  scori^  of  gross  lesions  at 
the  end  of  the  24  euid  48  hour  post-exposure  holding  periods.  To  adleviate 
this  apparent  pruritus  and  to  minimize  self-inflicted  trauma.  Group  III  animals 
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XBcelvad  a  secxxd  dcsse  of  ketamina  and  xylazina  3  hours  following  ths  HD 
challenge. 

cross  rampiggy: 

All  a)dn  exposurea  to  HD  resulted  in  groea  sldn  lasians  oorisistlng  of 
well-defined,  ^xregularly  shaped,  and  noderataly  elevated  areas  of  awalling  and 
erythena,  whereas  none  of  the  negative  ocntrol  skin  sites  developed  lesions 
(sea  Figure  2) .  At  24  hours  post-expoaura  the  size  of  the  akin  lesicns  ranged 
fron  0-14  m  in  haired  aninals  and  free  2-22  ns  in  hairless  animals.  At  48 
hours  post-exposure  ths  size  of  the  skin  lesicns  ranged  fron  5-16  ran  in  haired 
aninals  and  fren  8-24  ran  in  hairless  animals.  The  lesion  diameter  increased 
with  both  dose  and/or  time  in  both  the  haired  and  hairleas  guinea  pigs  with  the 
hairlese  guinea  pigs  having  significantly  larger  laaions  at  corres^xnding  doses 
at  24  houre  post-exposure.  Thera  was  no  statistically  significant  differenoe 
in  lesion  size  between  the  haired  and  hairleas  guinea  piga  for  any  of  the  doses 
at  48  hours  post-exposure  (sas  Tables  3-4  t.rf  Fiv’tss  3-4) .  The 

erythans/eschar  ecorea  at  24  hour*  post-exposure  rang~a  'rcra  0-4  in  haired 
aninals  and  fron  1-4  in  hairless  aninals.  At  48  hours  poet-exposure  the 
etythaBB/«ochar  ooores  ranged  frera  1-4  in  haired  animals  and  fron  2-4  in 
ha'rless  animla.  In  haired  guinea  pigs,  scab  formaticn  occurred  in  31.25%  of 
ths  exposure  sites  at  the  0. 5-4.0  nl  HD  dosage  level.  In  hairleas  animals, 
scab  formation  ooourred  in  59.38%  of  the  expoeurs  sites  at  the  0. 5-4.0  m1  HD 
dosage  level  and  in  58.33%  of  the  exposure  sites  at  the  0.05-0.4  4I  KD  desago 
level,  Ths  erythajia/eschar  scores  increased  e"  <ghtly  or  not  at  all  with 
increaeoe  in  dose  aneVor  time  in  both  the  hairod  and  hairlese  guinea  pigs  with 
th»*  hairleas  guinea  pigs  having  sliq^itly  hicF*  scores  at  corteffiponding  ciews 
and  time  points  (see  Tables  3-4  and  Fic^ires  5-6) .  The  adsma/blister  scx>res  at 
24  hour*  post-exposure  ranged  frue  0-2  in  haired  animals  and  frora  0-3  in 
hairless  aninals.  At  48  hours  post-exposure  the  edana/blister  scores  ranged 
final  1-2  in  haired  animals  and  frcii  1-3  in  halrlass  animals.  Ths  ed«wv'hlist«r 
aooras  increased  slt«^ly  or  not  at  all  wttl>  increasas  In  does  ard/or  time  in 
both  the  haired  and  hairless  (juinea  pigs  with  ths  hairless  guinea  pic^  having 
sll^^Ttly  higher  scores  at  corteigxaidlng  doss  S'd  ties  points  (sas  Tabl«Mi  3-4 
and  riguTBS  7-8) . 


All  skin  exposures  bo  HD  resulted  In  sk-tn  lesioro.  The  akin  lesiem 
typically  oonsisted  of  ooagulaticn  necrosis  of  ths  epldninttis  and  superficial 
dsrnis  wherever  HD  had  direct  akin  ccntact.  Ths  width  of  the  niscrot_ic  areas 
(0. 5-2.0  cm)  MIS  directly  prcporblcnal  to  the  dose  of  HD.  Hlutologlaally,  the 
naemsis  involved  the  entixa  thicknens  of  the  epidemis  and  extended  into  the 
raiperficial  deraal  oollagen  (i.e.,  a  total  depth  of  1-2  ran).  Haired  guinea 
pig  skin  reacted  leas  severely  to  identical  docKW  of  HD.  Hlcrobl  isters  and 
less  severe  inflaianatory  chan^  developed  within  the  epidermis  ad)aoimt  to  the 
cxxsgulation  nscraeis  with  ■icrctolisber  foTBStion  being  raors  prevalent  at  lowrr 
HD  doses.  The  morphologic  charges  seen  in  these  areas  ccralsted  of  ballooning 
flegpreration  and  separetion  of  basilar  oslls  frcai  adjacent  cslls  and/or 
vaiderlylng  demis  (see  Figure  9).  Cluaters  of  neutr^ils  were  »niwi»tlmess 
present  within  the  «{  idsrmis  and  often  present  in  varying  mmtxsre  within  the 
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■icrcblistexB.  Noitraphlls  vmrm  prmm±  in  low  naucrs  and  ««ni  vldaly 
acattarad  thrrughout  tha  danaal  oollaqan.  CDliagan  bundlaa  aubjaoivit  to  the 
slta  of  application  war*  uaually  mildly  aeparatad  by  adeaia  fluid,  and  therm 
waxm  oocaaional  anall  foci  cf  hanorrhaga  preaent  in  acos  aactiora.  Hair 
folliclaa  ocnocnly  eidiihitad  apithelial  nacroaia  at  thair  baaaa  but  not  alcrig 
tha  root  aheaths.  Ihera  a  acdarata  increasa  in  nunbara  of  nautxv^phils 
infiltrating  tha  darmia  in  aniaala  48  hours  poat-axposura,  as  ocBpartvi  to  24 
hours  poat'axpoeura,  but  othar  pamatars  rooainad  aaeantially  tha  aaaa. 


lha  4  tiaaua  apaclaana  daBcnatratlng  tha  baat  axasplaa  of  claft/vaaicla 
fotMticn  on  light  adcroaoopy  %Mra  frca  hairlaaa  guinea  pigga  aacrifioad  at  24 
hours  poat-axpoaura  and  axpoaad  to  0.1,  0.2,  1.0,  and  2.0  m1  of  HD 
raapactivaly.  Scad-thin  aaction  analyala  ravaalad  tha  praaanoa  of 
■Icxtsbllatani  at  tha  daraal-cpidasMil  jvjanction  (saa  rigura  10).  Iha  floor  of 
tha  bliatnr  cavity  uea  foraad  by  an  Intact  baaal  Imina  in  scam  r.aaaa  and  by 
raananta  of  a  disnv>tad  baaal  liaiina  in  ethers.  Tha  uppar  boundary  of  tha 
cavity  uas  largaly  fconnad  by  plaaaalcnai  of  intact  basal  calls  of  tha  atxatia 
gaminativuB  or  by  cellular  debrla  of  necrotic  basal  and  aupra*baaal  oadls  of 
tha  cpidarmls.  Blistar  cavltiaa  wera  heavily  infiltratad  with  Inflatainatory 
calls,  raooqpiizad  as  nautrophila  end  aecrophagaa,  aa  wea  ^  underlying 
darais.  In  aoat  caaaa,  cavltiaa  appaared  to  ba  intam^tad  by  hair  folliclaa 
which  actad  am  lataral  anchoring  deaKucatic.1  points,  whils  in  othars,  cavities 
fomad  abeva  follicles  with  follicular  calls  f earning  part  of  ths  floor  of  tha 
blistar.  .  Blistsrs  varied  in  size,  up  to  250  tm  in  width  and  up  to  80  (A  in 
heiqht.  Rarly  degenerative  changes  of  tha  basal  osll,  signalled  by  paLranuclaar 
vacmlation  and  pyknosls,  were  aoat  evldant  at  tha  site  of  junction  batwaan 
ncraal  and  blistanKl  akin;  intrastructural  faetures  of  tha  lasion  by  thin- 
aaction  analysis  ahcMad  ths  total  Imolvawnt  of  basal  oalls  ftm  assantially 
noraal  fina-atructura  at  tha  parlastar  of  tha  blistar  to  ccaplata  dsganaraticn 
and  necrosis  at  tha  oantare  of  tha  blistar  (aaa  rigura  11),  This  piogreaaicn 
included  parlnuclanr  blebblng,  plaaBilaanaa  defects,  pamniclaer  vecuolation, 
ooal earing  cytoplaaedc  vacuolaa,  pyknotic  nuclal,  lipid  inclualors,  lyaoacaal 
activlt/  and  electron  opacity  of  orgenellea.  Supra>baail  cells  of  tha 
epidermis  were  also  involved  to  varying  dup-aea  aepacisliy  in  cantzal  raglona 
of  the  blister  caviv/  where  beaal  calls  ware  czspletaly  degenamted.  Invading 
nautrqphJls  and  maciTphages,  actively  phagocvtlz ing  dacn*mtratlng  beead  oella 
and  othar  callular  'debris  ware  In  abundanoa  within  cavities.  Beaal  landnawi 
ware  disruptad  ai^  friryad  with  looaenad  fiJaera  axtertiing  into  ths  blister 
cavity.  HraeidaaBitjaaeaa,  intact  at  the  parlmter  of  the  cavity,  wars 
intaarnpted  at  the  sits  of  the  blister  with  anchoring  filaments  disabled  and 
free  froa  thf>lr  attachnarrta  to  tha  baaal  lamina.  Within  tha  damla  proper, 
there  wns  evidence  of  edmoa  with  large  diaplaoanents  of  collsgen  bundles 
surrounding  congested  capillaries.  Seaming  EM  ahewad  to  advantage  and 
precision  the  extent,  jinctions,  boundariee,  and  location  of  the  blister 
cavities  {mm  rlcMras  12-13).  The  thrae-dl,Banslonal  nature  of  the  blister, 
realized  only  throuc^  reaming  EH,  was  useful  in  determLning  the  lalativa  role 
of  hair  foll  iclcsi  in  dsnarcating  tha  Ilaite  of  maam  cavitise  and  was  eapecially 
infanaatlve  aa  to  tha  ralstiva  size  of  tha  blisters. 


nggsgiaf  WB  cancBiqg 


Th*  refults  of  this  stud/  indicata  that  the  hairless  guirm  pig  is 
superior  to  the  haired  guinea  pig  as  an  anisial  ncxtel  for  stud/ing  HEHinduoed 
iJdn  lesions.  The  hairless  guinea  pig  skin  was  more  sensitive  to  HD  than  was 
haired  guinea  pig  skin  at  corresponding  dose  and  time  points.  This  increased 
sensitivity  may  be  due  to  (1)  the  hair  stubble  an  the  haired  animals  acting  as 
a  physical  barrier  or  (2)  fundamental  anatomical ,  biochemical,  or  isnurtological 
differences.  There  are  advantages  of  the  hairless  guinea  pig:  (1)  no 
shaving/clipping  is  required;  (2)  lower  doses  of  HD  can  be  used;  (3)  the 
resulting  gross  lesicsns  are  more  readily  visible  and  c^asily  scxsred;  and  (4) 
the  histopathologic  lesions  were  more  urdfom  and  cxntained  a  higher  incidence 
of  mlcroblister  fonmtion.  A  disadvantage  of  the  hairless  guiroa  pig  is  that 
they  c»st  6d-70%  more  per  animal. 

Tto  properly  interpret  the  grose  lesion  data  it  is  inportant  to  note  that 
neat  HD  at  a  constant  cxnoentration  was  used  for  all  eogxsures  and  that  the 
delivered  doae  of  HD  to  the  skin  was  controlled  by  varying  the  volume  of  the 
droplet  that  was  243plied  to  the  skin  rather  than  by  varying  the  cxnoentration 
uf  HD  in  a  fixed  volume.  This  explains  why  we  saw  large  increases  in  lesion 
diametera  and  basically  no  IncreaiM  in  E/E  or  scares  witn  increases  in 
doses  of  HD  on  the  same  animal.  Lesion  diamster  was  directly  proportional  to 
the  size/volums  of  the  droplet  of  neat  HD  (i.e.,  the  l2urger  the  dzxplet  -»  the 
l^mger  the  area  of  exposed  skin  the  larger  the  resulting  lesion) . 
conversely,  the  erythema/eochar  and  edcraa/blister  eooreo  which  measure  the 
severity  of  a  lesion  are  funcrtions  of  the  doee  per  unit  area  which  was 
ossentially  the  same  for  all  KD  doeee  (i.e.,  no  change  in  doee/unit  area  no 
change  in  lesion  severity). 

The  microecxplc  akin  laaions  observed  in  hairless  guiner.  pig  s}cin  were 
ontparable  to  theses  ooserved  in  pig  skin  expeewd  to  HD.°  Both  species 
exhibited  histologic  response  to  KD  ranging  from  severe  coagulation  necrosis  to 
mild  basal  cell  involvemant  and  aicrcblister  fonaaticn. 

The  ultrastructural  cxMcrelats”  of  this  stxxJy  are  reminiscent  of  the 
ultrastructuml  pathology  of  HD- induced  blister  formation  in  human  akin 
grafted  onto  athymic  nude  mice.®  Although  HD  cxrosTtrations  were  not  the  same, 
the  involvement  of  the  basal  cell,  the  Icxoaticn  of  the  blister  at  the 
epidermal -dermal  junction  and  the  apparent  disabling  of  the  anchoring 
filamertts  of  the  heraideamoscraBS  are  unequivocal.  A  persistent  differrax» 
between  the  two  studies  is  the  pronounced  infiltratiem  of  inflammatory  cells  in 
this  study,  vhich  although  noted  within  ths  previous  study,  was  mot  to  the 
same  degree. 


7 


Figufa  2;  Gross  skin  lesions  in  haired  (A)  vs.  hairless  (B) 
guine-ji  pigs  24  hours  after  exposure  to  0. 5-4.0  m1  of  sulfur 
mustard  (HD)  . 


Mean  Lesion  Size  (mm)  Mean  Lesion  Size  (mm) 


Flgiire  3:  Mean  akin  lesion  size  in  haired  vs.  hairless 
guinea  pigs  24  hours  after  exposure  to  sulfur  mustard  (HD) . 


Figure  4:  Mean  skin  lesion  size  in  haired  vs.  hairless 
guinea  pigs  48  hours  after  exposure  to  sulfur  mustard  (HD) . 


.  < 
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Median  Erythema/Eschar  Scores 


Figure  5;  Median  erythema/eschar  scores  in  haired  vs. 
hairless  guinea  pigs  24  hours  after  exposure  to  sulfur 
mustard  (HD) . 


Figure  6:  Median  erythema/eschar  scores  in  haired  vs. 
hairless  guinea  pigs  48  hours  after  exposure  to  sulf'jr 
mustard  (HD) . 
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Median  Edema/Blister  Scores  Medion  Edema/Blister  Scores 


Fl^re  7;  Median  edema/blister  scores  in  haired  vs.  hairless 
guinea  pigs  24  hours  after  exposure  to  sulfur  mustard  (HD) . 


Figure  8:  Median  edema/blister  scores  in  haired  vs. 
guinea  pigs  48  hours  after  exposure  to  sulfur  mustard 


hairless 
(HD) . 


13 


14 


Figure  10:  Semithln  epcocy  secxxct^  through  centers  of 
mlcTGblisters  at  the  deroal-eplderanl  jun^cn  of  hairless 
guinea  pig  sicin.  A.  Microblister  catvity  (nc)  intem^ited  by 
a  hair  follicle  (hf) .  (330X)  B.  Microblistar  cavity 
infiltratcsd  with  polynorphcruclear  leukocytes  (pm)  and 
filled  with  cellular  debris.  The  roof  of  the  cavity  is 
fonaad  by  basal  cells  (be)  and  suprabased  cells  (sbe)  of 
the  epidermis  with  the  floor  farmed  by  the  basla  lamina  (bl) 
of  the  dermis  (dl .  (330X)  HUnchrev's  stain. 
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Fiigura  U:  Ti'ansasiisslon  electrcn  aierographs  of  aicroblister 
ca^ty  fomaticn  at  tha  4enml-«pidezQal  juncticn  of  tha 
hairl-asa  guinea  pig.  A.  At  Hm  periaetar  of  tha  blJstar 
cavity,  basal  cells  (be)  of  tbe  stxatua  gexBinatlvjs  show 
pregieMlva  sutoelltilar  changes  signal) sd  by  nuclear 
condenaaticn  of  chraoatin  (nc) ,  blebblng  of  the  perinuclear 
envelope  (pb),  and  paranuclear  vacuolation  (v).  (12,00QX) 

B.  Area  at  the  perioBber  showing  disabling  of  anctaxdng 
filaments  (eif)  of  the  based  cell  hm.1dBfwraanes  (hd) . 

(30,000X)  C.  The  cavity,  infiltrated  with  neutrophils  (ne) 
and  cellular  detritus,  is  deaaroatad  by  the  basla  lamina 
(bl)  of  the  dermis  (d)  and  degenerating  basal  calls  and 
supra  basla  cells  of  the  epidermis  (^pi).  (9,OOOX) 
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12:  Scaminq  clactran  »icroqraph«  of  tha  temU.' 
«(>ixl«xml  junctlcfi  of  h«lrl4Ma  guima  pig  akin.  A.  Anm  of 
natr-bliatartKi  akin:  avyldaritia  (api) ;  danaia  (d) ;  Xaratin 
(k) ;  and  ooUagan  flbara  (c) .  ft.  Araa  of  aicTQblljrtar 
fomation.  Miczobliatar  cavity  la  bordarad  by  cadla  of  tha 
apidemta  at  tba  roof  and  tJia  haaal  loairai  (bl)  at  tha  floor 


TABLE  1:  EXPERIMENTAL  DESIGN 


HO.  HAIRED 

NO.  HAIRLESS 

DOSE  RANGE 

TIME 

GROUP  X 

4 

4 

O.S-4.0  Ul 

24  hrs 

GROUP  IX 

4 

4 

C.S-4.0  ul 

48  hrs 

GROUP  II X 

0 

3 

0.05-0.4  Ul 

24  hrs 

TASLE  2;  DOSES  OF  SULFUR  MUSTARD  (HD)  APPLIED  TO  HAIRED  AND  HAIRLESS 
GUINEA  PIG  SKIN 


E 

SITE 

SITE 

3R 

4R 

ANIMAL 

NUMBER 


I-IA 


I-IB 


I-2A 


I-2B 


I-3A 


I-3B 


I-4A 


I-4B 


II-IA 


II-IB 


II-2A 


II-2B 


II-3A 


II-3B 


II-4A 


II-4B 


III-IB 


III-2B 


III-3B 


Footnote*: 

1.  Dos*  of  HD  i*  expressed  in  microllters  (ul) 

2.  Anlnal  number  alfanumerlc  code:  Roman  Numeral  >  Experimental  group; 
Arabic  Numeral  >  Individual/pair  designator  within  an  experimental 
group;  A  «  Haired;  B  Hairless. 

3.  Sit*  code:  Arabic  numeral  *  sit*  numbered  from  anterior  to  posterior; 
L  -  Left;  R  -  Right. 


B 

■ 

.2 

0. 

■■me 

.2 

■n 

0.05 

TABLE  3;  MEAN  GROSS  LESION  DIAMETER,  MEDIAN  ERYTHEMA/ESCHAR  SCORE,  AND 
MEDIAN  EDEMA/BLISTER  SCORE  AT  24  AND  48  HOURS  POST-EXPOSURE  IN 
HAIRED  GUINEA  PIGS. 


HO 

DOSE 

(ul) 

24  HOURS  POST-EXPOSURE 

48  HOURS  POST-EXPOSURE 

DIAMETER 

(an) 

ERYTHEMA/ 

ESCHAR 

SCORE 

EDEMA/ 

BLISTER 

SCORE 

DIAMETER 

(nn) 

ERYTHEMA/ 

ESCHAR 

SCORE 

EDEMA/ 

BLISTER 

SCOPE 

0.5 

2.75 

1.50 

1.00 

8.00 

2.00 

1.00 

1.0 

4.60 

3.00 

1.00 

9.00 

3.50 

1.00 

2.0 

6.50 

3.00 

1.00 

11.50 

3.50 

1.00 

4.0 

10.25 

3.50 

1.00 

13.00 

3.50 

2.00 

ERYTHEMA/ ESCHAR  SCORE: 

No  oxythoBa . 0 

Slight  arythana  (baraly  saan)....l 

Modarata  arythama  (pink)... . 2j 

Savara  arythana  (baat  rad) . 3| 

Eschar  formation  (nacrosis) . . . . .  .4 


EDEMA/BLISTER  SCORE: 

No  adana . : . 0 

Slight  adana  (baraly  saan) . 1 

Modarata  adana  (wall  dafined) . . . .2 

Savara  adana  (raisad  >1  nn) . 3 

Blistar  formation . . . 4j 


TABLE  4:  MEAN  GROSS  LESION  DIAMETER,  MEDIAN  ERYTHEMA/ESCHAR  SCORE,  AND 
MEDIAN  EDEMA/BLISTER  SCORE  AT  24  AND  48  HOURS  POST-EXPOSURE  IN 
HAIRLESS  GUINEA  PIGS. 


H 

24  HOURS  POST-EXPOSURE 

48  HOURS  POST-EXPOSURE 

DIAMETER 

(an) 

ERYTHEMA/ 

ESCHAR 

SCORE 

EDEMA/ 

BLISTER 

SCORE 

DIAMETER 

(ma) 

ERYTHEMA/ 

ESCHAR 

SCORE 

EDEMA/ 

BLISTER 

SCORE 

o 

o 

3.17 

3.50 

1.00 

n/a 

n/a 

n/a 

0.1 

5.08 

3.00 

1.00 

n/a 

n/a 

n/a 

0.2 

6.75 

3.00 

1.00 

n/a 

n/a 

■B 

0.4 

8.83 

4.00 

2.00 

n/a 

n/a 

.  1 

m 

8.75 

3.50 

1.00 

8.75 

4.00 

1.50 

1.0 

13.50 

3.50 

1.50 

13.62 

3.50 

2.00 

2.0 

16.38 

4.00 

1.50 

13.88 

4.00 

2.00 

19.75 

4.00 

2.00 

17.62 

4.00 

2.00 

ERYTHEMA/ ESCHAR  SCORE: 

No  arythana . 

Slight  arythama  (baraly  saan) 

MMarata  arythama  (pink) . 

Sav<?ra  arythama  (baat  rad) . . . 
Eschar  formation  (nacrosis).. 


.0 

.1 

.2 

.3 

.4 


EDEMA/BLISTER  SCORE: 

No  adana . 

Slight  adama  (baraly  saan) .... 
Modarata  adana  (wall  dafinad) . . . .2 

Savara  adama  (raisad  >1  mm) . 3 

Blistar  formation . 4j 


i 
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